A major concern for the DARHT second axis (2 kA, 18.6MeV, 200011s) is that ions or ionized neutrals released from solid surfaces (e.g., apertures, septum, dumps, and targets) by beam impact can be accelerated and trapped by the beam potential. This positive charge will be electrically attracted to the beam and could disrupt it. To study this, experiments were performed on the DARHT first axis. Here, the beam, focused to a range of diameters, is transmitted through thin foils made of various materials. The time-dependent beam radial profile is measured downstream of the target. For low current density (depending on the material used), the downstream-beam profile is time invariant as expected. At higher current density, the downstream-beam radius changes during the pulse followed by transveme instability. Data, particle-in-cell simulations, and comparisons are presented.
I. INTRODUCTION
The Dual-Axis Radiographic mdrcdynamics Testing (DARHT) facility will use two perpendicular electron -Linear Induction Accelerators (LIA) to produce intense, bremsstrahlung x-ray pulses for flash radiography of dense objects. The first axis, already operational, produces a single electron pulse with 1.7 kA current, 19.8 MeV energy and 60 ns pulse duration. The second axis, under construction, will generate a 2.OkA.
MeV, 2000 ns beam.
A sequence of four shorterduration pulses from this beam will be delivered to the xray converter by a fast kicker system. The second axis differs from previous LIA's by its much longer pulse duration, typically 10-20 times longer.
This longer pulse can allow a number of deleterious phenomena that are not critical on shorter pulse LIA's. Among these is the beam-induced release of ions or neutrals subsequently ionized by the beam. Ions created at a surface by beam impact, will be accelerated and trapped in the beam channel. These ions will partially neutralize the beam space charge upsetting its equilibrium fl][2]. The net radial self-force on the beam electrons scales as (q-f) where y is the Lorentz factor and f is the ratio of the ion charge density to the electron charge density [3] . Thus, a relatively small ion charge density can upset the beam equilibrium for high-y beams that are weakly magnetized. Ions in the beam channel can also lead to instabilities such as the ion-hose instability [4] further degrading the beam.
On the second axis of DARHT, there are number of places where beam interception is expected. These range from regions where low charge densities are deposited such as beam clean-up apertures and the kicker septum (a few tens of nC/mmz, 2000 ns time scale) to the areas with much higher charge density such as the target (few thousand nC/mmz, 10-100 ns time scale). To study these effects, we have used the first axis DARHT beam as a probe. The beam is focused onto a thin foil (or mesh) to The paper is organized as follows: First, description of the experimental configuration and the particle-in-cell computational technique are presented.
Next, major experimental results of the beam disruption for various materials as a function of current density are compared with the results of computer calculations. The paper concludes with a summary and discussion of ongoing experiments.
EXPERIMENTAL SET-UP AND PIC CODE

A. Beam line and diognostics
The DARHT first axis accelerator is an induction LIA composed of a 4 MV injector (1.7kA, 80ns) and 64 induction cells (250kV maximum each). The set-up used for the experiment described here (cf. show good agreement for r > 3 nun. For smaller beam radius, the measured beam radius is a factor of two larger than the calculated radius. This discrepancy can be explained in part by the -1 mm spatial resolution of the diagnostic. The stainless steel foil chamber has eight ports around the foil location for insertion of diagnostic devices. The foil is placed normal to the accelerator axis with the holder providing a symmetric return current connection. All the foils tested are listed in the 
RESULTS ANALYSIS
A. Time delay on the ions production for different DT#I currents. 
Steel ( For each material there is a threshold value for the current density (given by the DT#I current setting) at the foil. For current densities less than or equal to this value, the beam profile is constant over the 6011s beam current plateau. In this case, the beam profile at the detector depends on the foil focusing effect [6] and foil scattering.
Above this current density threshold, the beam profile becomes time dependent part way through the pulse. The delay for onset of this phenomenon is dependent on the foil material (cf. m o w s on Figure3). Assuming ion emission from the foil, this delay is the time needed for ions to be liberated and to propagate inside the beam channel. Studies of anode plasma formation in diodes have produced strong evidence that a surface bombarded by an intense electron beam begins to emit ions after heating to 400f60°C [7] . Others have proposed that ions from the foil material are generated after the foil material melts [SI. In the former model, the foil temperature rise leads to thermal desorption of impurities absorbed on the surface that are subsequently ionized 191. Ionization can he due either beam impact or cascade process in the high electric field at the foil surface. The impurities are typically water and hydrocarbons. The observed delay corresponds to the time needed to build a desorbed gas layer in front of the surface, the ionization time of the gas and the time for ions to move into the beam channel. Table 3 shows the estimated time delays needed to heat the center of the foil to 400°C or to the melting point, for DT#I currents of 200 A and 240 A. Table 3 . Time delay (ns) to heat foils to 400°C or melting.
indicates that ionization and ion motion is rapid or that the 400°C temperature is somewhat higher than the actual temperature for desorption.
No beam induced cleaning effects were observed. All data, including the first shot after installation, were reproducible. The beam produced holes at the beam center in all foils and meshes at on-axis current densities above 160 Nmm'. After the expansion, the beam radius comes back to its original value. During this phase, a transverse oscillation of the beam centroid grows from the noise level (-1 nun) up to 10 nun. Measurements with the interferometer showed that free-electron densities above the instrumental noise level of 10" cm" were not observed prior to melting the foil. and suggest a ratio between charge state and atomic weight around 1/25. Many impurities molecules could be such as C2H,' , H20t, and etc fall into this range.
C. Difference between a foil and a mesh
A highly transparent mesh could he placed in front of the foil to eliminate the longitudinal electric field responsible for ion acceleration. Of course this idea will work o g y if ion production from the mesh is reduced relative to the target. To test this concept, a titanium mesh (90 % transparent) was tested and compared to the results from a titanium foil. The results are presented in Figure 5 .
The difference in scattering between the mesh and the foil is clearly apparent. For the time-dependant part, there is not an important difference between the foil and the mesh. The beam disruption seems to be smner with the mesh but this could be due to the difference in the scattering level. This comparison shows that there are enough ions available to reach the space-charge-limited current even when the frontal surface area is reduced by a factor of ten. This point validates the comparison made previously. 
N. SUMMARY
Experiments and analysis presented confirm the ion emission from the foil induced by the beam. The charge to mass ratio of the ions emitted is independent of the foil material. Comparisons with PIC code suggest a charge to mass ratio around 1/25. The delays found to initiate this emission are consistent with the surface temperature reaching 400°C. On-going experiments will improve the resolution of the beam radius: include direct measurements of the ions present in the beam channel, and a time-resolved temperature measurement of the foil surface. 3D calculations to investigate the transverse oscillations are in progress.
